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specification 
electrolytic capacitor 

Field of the Invention 

Tbe present invention relates to an electrolytic capacitor, especially, 
0* electrolytic capacitor having a low impedance characteristic and a high ^ / 

withstand voltage characteristic. 4-typl6*X*^ wdwtfW*- 

Background of the Invention CA r^ ^ 

^^j^ ^ 2. ^ electjolytic capacitor typically has ftteb a structure shown in 
" ncffr That is,'an anode electrode foil 2jW made of a band-shaped high 
purity aluminum foil where the effective aluminum foil surface has been 
enlarged through etching prooooo chemically or electrochemically, and an GD 
oxide film is formed on the surface, through a chemical process of treating 
the aluminum foil with a chemical solution such as ammonium borate "H 
aqueous solution and the like. A cathode electrode foil 3 is also made of ^ 
an etched aluminum foil of high purity. Capacitor clement 1 is formed by 
the anode electrode foil 2 and the cathode electrode foil 3, wound together 
with intervening separator 11 made of manila paper and the like. Next, 
the capacitor element 1, after impregnating with electrolyte solution for 
driving the electrolytic capacitor^, is housed into a bottomed outer case 10 
made of aluminum and the like. The outer case 10 is equipped at the 
opening with a sealing member 9 made of an elastic rubber^ and io ocalc d 

The anode electrode foil 2 and the cathode electrode foil 3 are each 
connected to lead wires 4 and 5, employed as electrode leading means to 
lead the electrodes, by l aoano of stitching, ultrasonic welding, and the like, 
as shown in FIG2. Each of the lead wires 4 and 5 employed as cltctiode 
isading means is comprised of a rod member 6 made of aluminum, and a 
connecting member 7 that comes into contact with each of the electrode 
foils 2 and 3, and further an outside connecting member 8 made of 
solderable metal which has been fixed at the tip of the rod member 6. 

/^✓s Ilofcwith, o tf electrolyte solution for driving the electrolytic 
capacitor having high conductivity, and to be impregnated to the capacitor 

element, whetek *- r -butyrolactone is employed as the main solvent^ 
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p^mpn nnd of quatemized cyclic amidin compounds (imidazolinium cation 
and imidazolium cation) as the cationic componenrand acid conjugated 
bases as the anionic component are dissolved therein as the solute (refer to 
Unexamined Published Japanese Patent Application No. H08-321449 and 
No.H08-321441) # 

However, due to the remarkable development of digital information 
devices in recent years, the high-speed driving frequency of 
micro-processor which is a heart of these electronic information devices is 
in progress. Accompanied by the increase in the power consumption of 
electronic components in the peripheral circuits, the ripp le current is 
increased abnormally, and there is a strong demand foflhe electrolytic 
capacitors used in these circuits Jief have a low impedance characteristic. 

Moreover, in the field of vehicles, with the recent tendency toward 
improved automobile functions, a low impedance characteristic is in high 
demand, "^ym^^^f^^^vmg voltage of the vehicle circuit of 14^ has 
be en progressed to 4g y*a£companied by the increase in the power 

yjff*** consumption. To comply with such a driving voltage, the electrolytic 

capacitor requires the withstand voltage characteristic of 28V and 84V and ^ cg^ 3 ^ 
more. Furthermore, the electrolytic capacitors must withstand high 
temperature in this field, and a high temperature life characteristic is in 
demand. 

However, the electrolytic capacitor cannot cope with the low 
impedance characteristic as such. Moreover, although the withstand \ 

voltage of 28V is capable, the limit is 30V, and it cannot respondja-the 'Q^^SKA^C 

requirement of the high withstand voltage of 84V and raereTMoreover, ^ 
these electrolytic capacitors suffer from a problem that the moisture 
resistant characteristic is low despite of the fact that the moisture resistance 
of these electrolytic capacitors are in demand similar to the 
semiconductors. /* 

Henceforth, the present invention aims to provide an electrolytic 
capacitor having a low impedance characteristic and a high withstand 
voltage characteristic of 100V class, «n*an excellent high temperature life 
characteristic and an excellent moisture resistant characteristic. 

Disclosure-tyf-Invention 

^According to a first electrolytic capacitor of the present invention 



'05 OS/06 FRI 23:29 FAX 03 3402 4680 



@004 



PCT/JP2003/0X4217 



comprises a capacitor element fabricated by winding an anode foil and a 
cathode foil via a separator X im P re g nated with electrolyte solution, an 
outer case for housing the capacitor element, a sealing member for sealing 
an open part of the outer case, wherein the electrolyte solution ia^se 
contains an aluminum tetrafluoride salt, and wherein the separator «-*ee is 
a heat resistant synthetic resin or a mixed paper containing glass fiber , 

Brief Description of Drawings 

FIG1 is an inn er cross-sectio nal view showing,* structure of 

^tgrtml yfic capacitofr Tand ~~ ^~^Off 

FIG2 is a decompositional oblique view showing a structure ef» 
^^tg^oiyGccapagt gg T 

Best Mode t o Carrying Out the . 4nvcntio n fo& T*?^~ > \&AJ*^ 

Aluminum electrolytic capacitor hes-sttetfa structure ^ame as th e ^ 

conventional structure, as shown in FIGS. 1 and 2. Capacitor element"!: is ^\i*L- 

formed by an anode electrode foil 2 and a cathode electrode foil 3, wound 

together with intervening separator 11. Mogeovg^ as shown in FIG2, lead 

wires 4 and 5, employed as the electrode leron^SSafts, are connected to 

the anode electrode foil 2 and the cathode electrode foil 3, respectively. 

The lead wires 4 and 5 are comprised of connecting members 7 that come 

into contact with both electrode foils; rod members 6 connected tothe_ U>0^tajc 

connecting members 7; and an outer connecting member 8 v&id to the rod 
member 6. Further, each foil and lead wire is mechanically connected by 
memrrof stitching, ultrasonic welding, and the like, f^^-j— . 

The anode electrode foil 2 used is obtained ^ such «i inJ gggr 5 u^> ^-t(SH^> 
-that an aluminum foil of a purity of 99% is aubjectcd' to chemical or 
electrochemical et^iingin an acidic solution to enhance the surface area 
thereof and then- fliSje CT^to chemical treatment in an ammonium borate or 
ammonium adipate aqueous solution, so as to form an anode oxide film 
layer on the surface thereof. ^ 

The capacitor element 1 impregnataig with electrolyte solution 
is housed in an aluminum cylindrical outer case 10 with a bottom, and a 
sealing member 9, having a perforation hole for guiding the lead wires 4 
and 5, tfrinoortod into an open end of the outer case 10, and further, the 
open end}of the outer case 10 is sealed b y d r n wtng t o nenl thf > a luminum 
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el ectrolytic capacitor . 

■ Then, - a separator o^^he present invention is made of heat-resistant 
synthetic resin. Exapapfes of the separator include fabric, nonwoven 
fabric, paper, andiJorous film. In other words, the fabric, nonwoven 
fabric or paper^nade by using the high-molecular fibers such as polyester, 
polyamide, vinylon, rayon, aramid, poly ethylene terephthalate, 
polyethylene naphtahalate, poly phenylene sulfide, aromatic polyester, 
polyimide, polyamido-imido, polyetherimide, polytetrafluoroethylene, 
polyaminobismaleimide, poly(ethylene-tetraethylene), poly(vinylidene 
fluoride), and the like, or using the high porous film made by using these 
high molecules. Examples of resins used as binders include epoxy resin, 
phenol resin, polyurethene resin, and melamine resin. Due to the low 
tensile strength and low heat resistance nature of polypropylene, 
polyethylene and the like, windingj rfjgie cap acitor element is going to be 

difficult using these and thus, not preferable. „ — • J^^^Ltt. 

The electrolyte solution of the electrolytic capacitor used in the 1 
present invention contains an aluminum tetrafluoride salt. 

Ayi:he g dimgmi m tctrafluorido - calt consti t uting the aluminum 

a ^t©tfdaroftde^^^hion component, examples of this salt include an 
ammonium salt, an amine salt, a qua ternary ammo nium salt£j 
quaternary cyclic amidinium ioi^a ffiSion component^ < 



t primary amine 
(such as methylamine, ethylamine, propylamine, butylamine, 
ethylenediamine, monoethanolamine, and the like); secondary amine (such 
as dimethylamine, diethylamine, dipropylamine, ethy-methylamine, 
diphenylamine, diethanolamine and the like); and tertiary amine (such as 
trimethylamine, triethylamine, tributylamine, triethanolamine, and the like)* 
Examples of a quaternary ammonium constituting the quaternary 
ammonium salt include a tetraalkylammonium (such as 
tetramethylammonium, tetraethylammonium, tetrapropylammonium, 
tetrabutylammonium, methyltriethylammonium, 
di-methyldiethylammonium and the like) and a pyridinium (such as 
1-methylpyridinium, 1-ethylpyridinium, 1,3-diethylpyridinium and the 
like). 

Furthermore, as for salt containing the quaternized cyclic 
amidinium ion as a cationic component, the quaternized cyclic amidinium 
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ion is a cation formed by quaternized a cyclic compound having an 
NjN.N'-substituted amidine group, and the following compounds are 
exemplified as the cyclic compound having an N,N,N*-substituted amidine 
group. They are an imidazole monocyclic compound (for example, an 
imidazole homologue, such as 1-roethylimidazole, 1-phenylimidazole, 
1 ,2-dimethyl-imidazole, l-ethyl-2-methylimidazole, 
2-emyl-l-methylimidazole, 1 ,2-diethylimidazole, 1,2,4-trimethylimidazole 
and the like, an oxyalkyl derivative, such as 

l-methyl-2-oxymethylimidazole, l-methyl-2-oxyethyl-imidazole, and the 
like, a nitro derivative such as l-methyl-4(5)-nitroiraidazole, and the like, 
and an amino derivative such as l,2-dimethyl-5(4)-arninoimidazole, and 
the like), a benzoimidazole compound (such as 1-methylbenzoimidazole, 
l^methyl-2-benzylberizoimidazole, l-methyl-5(6)-nitrobenzo-imidazole 
and the like), a compound having a 2-imidazoline ring (such as 
1-methylimidazoline, 1,2-dimethylimidazoline, 1,2,4-trimemy Imidazoline, 
1 -methyl-2-phenylimidazoline, 1 -ethyl-2-methylimidazoline, 
l,4-dimethyl-2-ethyl-imidazoline, l-methyl-2-ethoxymethylimidazoline, 
and the like), a compound having a tetrahydropyrimidine ring (such as 
l-methyl-l,4,5,6-tetrahydropyrinudine, 

l,2-dimethyl-l,4^,6-tetrahydropyrimidine, l,8-diazabicyclo[5,4,0) 
undecen-7,l,5-diazabicyclo[4^]-nonene-5, and the like), and the like. 

The solvent fof^fectrolyte solution according to the present 

invention comprises a polar protic solvent, a polar aprotic solvent, and their 
mixture thereof. Examples of the polar protic solvent include monohydric 
alcohols (such as ethanol, propanol, butanol, pentanol, hexanol, 
cyclo-butanol, cyclo-pentanol, cyclo-hexanol, benzyl alcohol, and the like); 
and polyhydric alcohol and oxy alcohol compounds (such as ethylene 
glycol, propylene glycol, glycerine, methyl cellosolve, ethyle cellosolve, 
methoxy propylene glycol, dimethoxy propanol, and the like). Moreover, 
representative examples of the aprotic polar solvent include amide series 
(such as N-methylformamide, N,N-dimethylformamide, N-ethylformamide, 
N,N-diethylformamide, N-methyl acetamide, N,N-dimethyl acetamide, 
N-ethyl acetamide, N,N-diethyl acetamide, hexamethylphosphoric amide, 

and the like); lactone compounds (such as 7 -butyrolactone, 6 



-valerolactone, 7 -valerolactone, and the like); sulfolane series (such as 
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pyrnblidone, and the like); 

ene carbonate, isobutylene 
as acetonitrile, and the 
sulfoxide, and the like); 
-dialkyl-2-imidazoridinone 
-diethyl-2-imidazoridinone, 
ike); and 



prop yl 
(such 
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sulfolane, 3-methyl sulfolane, 2,4-dimethyl 
amide compounds (such as N-methyl-2- 
carbonates (such as ethylene carbonate, 
carbonate, and the like); nitrile compound 
like); sulfoxide compound (such as dimethyl 
2-imidazolidinone solvents [for example, 1,3 
(such as l,3-dimethyl-2-imidazoridinone, 1, 
l,3-di(n-propyl)-24midazoridinone, and the 
l,3,4-trialkyl-2-imidazoridinone (such as 

l^^-trimethyl^-imidazoridinone, and the like)], and the like. Among 

them, T -butyrolactone is preferably used because the impedance 

characteristic improves. Sulfolane, 3-methyl sulfolane, and 2,4-dimethyl 
sulfolane are preferably used because the hi{ h temperature characteristic 
improves. Ethylene glycol is preferably us id because the withstand 
voltage characteristic improves. 

Accordingly, the electrolyte solution containing aluminum 
tetrafluoride salt is used in the electrolytic Ccipacitor of the present 
invention. The electrolytic capacitor of the present invention has a low 
impedance characteristic, and a high temperature withstand voltage 
characteristic. Because the separator im mo i 5 made of heat resistant 
synthetic resin, moisture from the separator i s less likely to be mixed into 
the electrolyte solution, so that the electrolytic caparitojjias fb& excellent 
high temperature life characteristic. That iu to say, incase of using a 
separator from the conventional manila pape r and the like, the moisture is 
generated from the separator, and the reacti\ity of the^lectrolyte solution^^ r^^^ v^Ji^ 
used in the present invention with the electrode foil gets large to / mfluence A 
the life characteristic. However, in the present invention, &ueh moisture 
generation is controlled to obtain an excellent high temperature life 
characteristic. Furthermore, the moisture resistance characteristic is 

excellent. ^c^rA iV^ ^ / 

According to a first electrolytic capacitor of the present invention 
described above hasthe low impedance characteristic and the high 
withstand voltage characteristic of 100V class, wherein the electrolytic 
capacitor provides the excellent high tempeiature life characteristic and the 
excellent moisture resistance characteristic. 
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capacitor of the present 



electrolytic 



Subsequently, p& second electrolytic 
invention will be explained. The electrolytic capacitor of the present 
invention comprises a capacitor element fabricated by winding an anode 
foil and a cathode foil via a separatorXi m P T 

solution, an outer case for housing the capacitor element, a sealing member 
for sealing an open part of the outer case, wherein the electrolyte solution 
contains an aluminum tetrafluoride salt, and wherein the separator 
is a mixed paper containing glass fiber. 

The electrolytic capacitor has the same structure as the first 
[ytic capacitor- As^eparator, a mixe 1 paper containing glass fiber 
is used t ii the present inventio n. Examples of the mixed fibers include 
pulp fiber used in papers such as manila paper, craft paper and the like; and 
the synthetic fibers such as polyester fiber, p riyethylene fiber, 
polypropylene fiber, polytetrafluoroethylene fiber, polyamido fiber, and the 
like. When a separator made only from glass fiber is used, a thickness of 
the separator increases, and the impedance of electrolytic capacitor gets 
large. The effectiveness of the electrolytic capacitor of the present ^ 
invention is not obtainable by using tfrf§.-\-. ^ S^j^e^c^^r xvsu0^£_ CT^^W^ 

Accordingly, the electrolyte solution containing aluminum ij^ 
tetrafluoride salt is used in the electrolytic a pacitor of the present T^rxr^ d x ^re- 

invention. The electrolytic capacitor of the present invention has a low 
impedance characteristic and a high temperature withstand voltage 
characteristic. Because the separator jmse i s made of mixed paper 
containing glass fiber, the moisture from the separator is less likely to be 
mixed into the electrolyte solution, so that ti e electrolytic capacit^rjias 
excellent high temperature life characteristic ? That is to say, injbase of 
using a separator made from the conventions d manila paper and the like, the 
moisture is generated from the separator, and the reactivity of the 
electrolyte solution used in the present inven tion with the electrode foil gets- Cs 
large to influence the life characteristic. However, such the present 
invention, the moisture generation is controlled to obtain an excellent high 
temperature life characteristic. Furthermore, the moisture resistance 
f acteristic is excellent. 

The second electrolytic capacitor of he present invention described 
'above has the low impedance characteristic, the high withstand voltage 
characteristic of 100V class, and the excellent moisture resistance 
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Fuithe£ the first and^cond electrolytic capacitors of the present 
invention will be described! The electrode :oil4ubjected to phosphate 
treatment is used as the electrode foils. The present invention is still 
effective by using the electrode foil subjected to phosphate treatment as one 
of the cathode electrode foil and the anode el ectrode foil. Deterioration of 
both foils is prevented if this is applied to both foils sgnormally both foils 
are subjected to phosphate treatment* Normally, &e aluminum foil of 
high purity is subjected to chemical or electrochemical etching to obtain the 

• _e^ingJoiQhowever, as the electrode foil oi the present invention, the 

* etching foiL obtained by performing the phosphate aqueous solution , 

Jmpre^isrtion process before, during^or aftei the etching processes used as 

the cathode electrode foil. Further, J^fthe anode electrode foil, the otohing - 
foil> the etching foil untreated with phosphat i is subjected to phosphate 
synthesis, or the electrode foil Siat Fthe phosphate impregnation 

process before, during, or after the chemical treatment is used. 

Furthermore, the effect of the presen ; invention improves by adding 
the phosphorous compounds to the electrolyse solution of the electrolytic 
capacitor described above. Examples of pt osphorus compounds and salts 
thereof include orthophosphoric acid, phosp lonous acid, hypophosphorus 
acid and their salts. As the salts of the phojqphorus compounds, an 
ammonium salt, an aluminum salt, a sodium salt, a calcium salt, and a 
potassium salt can be used. Moreover, exa nples of phosphorous 
compound include ethyl phosphate, diethyl phosphate, butyl phosphate, 
dibutyl phosphate and the like; and phospho late such as 
l-hydroxyethylidene-l,l-diphosphonic acid, aminotrimethylene 
phosphonic acid, phenyl phosphonic acid, and the like. Moreover, 
examples of phosphinate include methyl phosphinate, butyl phosphinate, 
and the like* 

Furthermore, examples of condensec phosphates include 
straight-chain condensed phosphates such as pyrophosphoric acid, 
tripblyphosphoric acid, tetrapolyphosphoric acid, and the like; cyclic 
condensed phosphates such as metaphospha :e, hexametaphosphate, and the 
like, or the combination of the chain conden jed phosphate and cyclic 
condensed phosphate. Further, as salts of t lese condensates, an 
ammonium salt, an aluminum salt, a sodium salt, a calcium salt, a 
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potassium dalt, and the like din be used. 

Thi addition amount is-t anging from 
preferably W rangin g from 0, 1 to 2% by weidht 

The electrolytic capacitor of the present invention described above 
has the low impedance characteristic and the 
100V class, and the excellent high temperature life characteristic 
words, incase of performing the high tempei ature life test by using the 
aluminum tetrafluoride salt, the reactivity of 1 _1 - A : : 



However, since the 



the electrode foil gets large due to thejnoistt re inside the electrolyte 



solution, and the characteristics Ae*aflsctec 

electrolytic capacitor of the preserifanvention utilizes the electrode foil 
subjected to phosphate treatment, the reactio i of the electrode foil with the 
electrolyte solution is controlled, whereby the high temperature life 
characteristic is stabilized. /IaTA^ 
Furthermore, similarly, in thfe present 



cross-linking peroxide butyl rubber fhSt added peroxide as cross-linking 



agent to a butyl rubber polymer comprised o 
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0.05 to 3% by weight, and 



high withstand voltage of 

In other 
the 

the electrolyte solution with 



invention, a partial 



divinylbenzene copolymer is used as the sea! ing member. Examples of 
vulcanizing agents used in the vulcanization of peroxides include ketone 
peroxides, peroxy ketals, hydro-peroxides, dialkyl peroxides, diacyl 
peroxides, peroxy dicarbonates, peroxy esteis, and the like. Specific 
examples axe 1, l-bis-t-butylperoxy-3,3,5-trii nethylcyclohexane, 
n-butyl-4,4-bis-t-butylperoxy-valerate, dicurayl peroxide, 
t-butyl-peroxy-benzoate, di-t-butyl-peroxide , 
(t-butyl peroxy-isopropyl) benzene, 



, benzoyl peroxide, 1,3-bis 



2,5-dimethyl-2,5-di-t-butylperoxyl-hexene-3 



a * bis (t-butylperoxy) diisopropylbenzene, jind thel^ke. 



According to the electrolytic capacity 
partial cross-linking peroxide butyl rubber 
cross-linking agent to a butyl rubber polymejr 
isoprene, and divinylbenzene copolymer is 
The electrolyte solution containing the all 
The electrolytic capacitor of the present i 
characteristic, and a high withstand voltage 



lum in 



isobutylene, isoprene, and 



, t-butyl peroxy cumene, & , 



[to/o£the present invention, a 
gtat added peroxide as 

comprised of isobutylene, 
as the sealing member, 
urn tetrafluoride salt is used, 
invention has a low impedance 
i :haracteristic of 100V class. 



used 
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The high temperature life characterise 
high temperature characteristics of t 
member of the present invention. 

Moreover, the quaternary cytlic amidinium 
cause leakage due to the reaction wi|h the hy d 
vicinity of the cathode leading mean^jhowe> 
used in the present invention seemingly ha^f(l 
hydroxyl ion, and owing to the excellent sea] ability 
hole of the sealing member and the lead wire 
further improved by these synergistic effects 



imbroved further by the excellent 
electrolyte solution and the sealing 



ones 



Subsequently, the first invention will 
o55535S5Hts. The felectrolyti/ capacitor oi 
same structure as that W the conventional 
explained by referring tfo FKiS. 1 and 2. 
by winding an anode electrode foil 2 and a 
separator 11. As FTG^ srH>ws, the anode e 
electrode foil 3 are^onnecteatospectiveiy tc 
anode electrode #nd an another isad wire 5 fpr 
electrode. 

These lead wires 4/and 5 are composed 
being in contact with the/electrode foils, the 



ly with 



molded inte 
members 8 
connecting 
99% purity while 
copper-plated 
members 6 of tl 
aluminum oxitffe are foi 
phosphate a< 

respectively^ to the electrode 



; memt 



stee 



e connecting members 
bepfi fixed at the tip of th 
and the rod member 6 
outer connecting 
e (hereinafter CP wirA 
es 4 and 5 at least 
by a chemical 
solutioik These lead wires 
ils2and3at 



mem >er 



lead 



means of stitching, ultrasonic welding, and 
The mode elpttrode foil 2 is made o 
purity in an acidic^solution thereby enlargin 



through the chemical qr electrochemical 
subjecting tWplimiinum^^ i to a chemical 



PCT/JP2003/014217 



compound tends to 
roxyl ion generated in the 
er, the electrolyte solution 
ess reactivity with the 

between the perforation 
, the leakage characteristic is 




be explained b y using -tfafe 
the present invention has the 
The present invention is 
A capacitor element 1 is formed 
cathode electrode foil 3 via a 
ectrode foil 2 and the cathode 
a lead wire 4 for leading the 
leading the cathode 



of connecting members 7 
rod members 6 having been 
7, and outer connecting 
5 rod members 6. The 
are made from aluminum of 
8 is made of a 
On the surfaces of the rod 
anode oxide films made of 
treatment with ammonium 
4 and 5 are connected 
the connecting members 7 by 
like. 

an aluminum foil of 99.9% 
the surface area thereof 
process, and then 
treatment in an ammonium 



the 



etc lmg 
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[ueous solution, to thereby form an 
thereof. 

capacitor element 
feed into a bottomed 
provided at the opering 
The sealing me 
as butyl rubber, ; 
d wires 4 and 5 
PufltlkM T, ^separator in 



;dd 
are 



ethylene terephthaiate (PET^tj^^conventipnal^fcfwed 
manila papers \}SB u^^-Q. 
-Moreevefflhe 



electrohrte 



T -butyrolactone as solvent :djd 25% by wei ght of 



l-ethyl-23-dimethylimidazolijfiium 
use d. The electrolyte solution 



-butyrolactone as solvent and 
1 -ethyl-2,3-dime thylimidazo li 



- used . Further, the electrolyte; 



sea ing 



L, which impr 
outer case 10 
with a 
ijfiber 9 is made 
the like, anc 
to be passec 
i*se4&Glnjdes-4 



solution A 



gnates the electrolyte solution, 
made of aluminum. The outer 
member 9 and then sealed 
of, for example, an elastic 
has perforation holes through 

separator composed of poly 

\fOBsed separator made of , 

^ ntq^ing ^75% by weight of 



aluminuln tetrafluoride salt as solute w- 
-ft 

? 0% by weight of 7 



3 containing 



20% by weight of 
i ilium aluminun 



electrolyte 



-butyrolactone as solvent and l-ethyl-2,3 
phthalate salt as solute is used las the 
conventionally used electrolyte. 

The rated voltages of t le electrolytic 
electrolyte solutions A and C 2 re 16V, and 
solution B is 100V. The chaiacteristics of 
evaluated. The test condition is 125 C C at 2 
and 105°C at 2,000 hours in tile unloaded 
(Table 1-1) to Clfcble 1-4). 
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anode oxidation film on the 



tetrafluoride salt as solute -is* 
solution C c ontaining 75% by weight of r 



dnjnethylimidazolinium hydrogen 
solution containing 



sU te 



capacitors using the 
of using the electrolyte 
electrolytic capacitors are 
000 hours in the loaded state, 
The results are shown in 



tibat 
the 



i 
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(Table 1- 



Embody 1 



Compare 1 



Compare 2 



1 



S 

S 



Separator 



PET 



Manila Paper 



Manila Paper 



12 



Initial 
Characteristic 





Eleclroly 
te 


Separator 




j Initial 
Characteristic 




105 fl C/1000hrs 
unloaded 




i Cap 


Tant 




A cap 

m 


Tan 6 


Embody 1 


A 


PET 




i 403 


0.023 




-2.8 


0.022 


Compare 1 


A 


Manila Paper 




! 400 


0.02J 




-3.0 


0.028 


Compare 2 


C 


Manila Paper 




! 406 


0.04J 


> 


-4.1 


0.046 





Elect 
rolyte 


Separator 


Initial 
Characteristj 


c 


125 ft C/1000 hrs 
loaded 


Cap 
(MF) 


Ta 


a 6 


A Cap 


Tan<5 


Embody 2 


B 


PET 


22.7 


0. 


Dio 


-2.1 


0.015 


Compare 3 


B 


Manila Paper 


22.9 


0. 


Dll 


-23 


0.018 



As C^ible 1-1) and C^le 1-2) clearljy 
capacitor of the first embodiment has the 



characteristics, a low dielectri 



electrolytic capacitor of the 
(Table 1-3) and (Table 1-4) 
and initial characteristics of 



Cap 



401 



401 



406 



Tan t 



0.02. 
0.021 
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0.04<; 





Electrol 
yte 


Separator 


Initial 
Characterist 


c 


125 C C71000 hrs 
unloaded 


Cap 


Ta 


ad 


A cap 
(%) 


Tan 6 


Embody 2 


B 


PET 


22.8 


0. 


no 


-1.6 


0.010 


Embody 3 


B 


Manila Paper 


22.9 


0. 


311 


-2.0 


0.012 



the dielectric loss coefficient (jtan 6 ) at 125 fi C, compared with the 



comparative exs: 
clearly show the 
ttfe rated voltage 



125 & C/1000 hrs 
loaded 



A cap 



-7.6 



-7.9 



-5.8 



Tan<5 



0.030 



0.036 



0.060 



show, the electrolytic 

high temperature life 

f^ss^chai 



excellent 
loss coefficient (tan 6 ), and a 



change in 



mples 1 and 2. Furthermore, 
excellent life characteristics 
100V, to implement the 100V 



i 

i 
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class electrolytic capacitor hav Jig a low impedance characteristic not found 
in the conventional ones. 

Subsequently, the moisture resistance characteristics of the 
electrolytic capacitors of the fi rst embodiment and the first comparative 
example arc evaluated. The t ust conditions are 85°C, 85%RH, at 1,000 
hours in the unloaded state. The results are shown in (Table 1-5). 





Electrol 
yte 


Separator 


Initial 
Characteristic 


85 B 085%RH/ 
1000 hrs unloaded 


1 Cap 
! (MF) 


Tan<5 


A cap 

<*) . 


Tznd 


Embody 1 


A 


PET 


! 402 


0.022 


-2.0 


0.024 


Compare 1 


A 


Manila Paper 


! 401 


0.028 


-23 


0.030 



As (Table l-5)/clearly 
present invention have the excellent 
electrostatic capacity and the 
resistance characteristic of the 
invention has improved. 

Subsequently, the secofid 
invention will be described, 
structure as that of the first 



shows, the electrolytic capacitor of the 

characteristics in the change in 
dielectric loss coefficient. The moisture 
electrolytic capacitor of the present 



ele btrolyti 
characteristic evaluation whict 
■ includ e - a separator jComposed 
conventionall^HiSAd separator 
shown in (Table 2-1) and (Tatfe 2-4). 
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electrolytic capacitor of the present 
This electrolytic capacitor has the same 
ic capacitor, and the contents of 
r are also the same. 7SS separator in u s e - 
3f mixed paper containing glass fibecandTLx 
made of manila paper. The results are 



CEible 2-1 


0 






Electrol 
yte 


Separator 


Initial 
Characteristic 


125 B C/1000 hrs 
loaded 






Cap 
(MP) 


Tan (5 


A cap 

(%) 


Tan<5 


Embody 3 


A 


Glass fiber 


403 


0.022 


-7.5 


0.030 


Compare 4 


A 


Manila Paper 


400 


0.027 


-7.8 


0.036 


Compares 


C 


Manila Paper 


405 


0.046 


-5.7 


0.060 







JLJe 




" r ^p 
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As (Table 2-1) and 
capacitor of this embodimen 

characteristics, a less change 



14 



©015 



PCT/JP2003/014217 





Electrol 
yte 


Separator 


! Initial 
Characteristic 


105°CAOOO hrs 
unloaded 




Cap 


Tan 5 


A cap 
(%) 


Tan <5 


Embody 3 


A 


Glass fiber 


! 404 


0.022 


-2.9 


0.022 


Compare 4 


A 


Manila Paper 


! 401 


0.028 


-3.2 


0.028 


Compare 5 


C 


Manila Paper 


! 405 


0.046 


-4.1 


0.046 


(Table 2-3) 






Electrol 
yte 


Separator 


; Initial 
: Characteristic 


125°C/1000 hrs 
loaded 


' Cap 
! (MF) 


TVi 6 


A cap 
(%) 


Tan (5 


Embody 4 


B 


Glass fiber 


! 22,7 


0.011 


-2.2 


0.015 


Compare 6 


B 


Manila Paper 


' 22.8 


0.011 


-2.5 


0.018 


(Table 2^ 


0 






Electrol 
yte 


Separator 


Initial 
i Characteristic 


105°C/1000 hrs 
unloaded 


i Cap 

! (siFy 


Tan 6 


A cap 
(%) 


Tan 6 


Embody 4 


B 


Glass fiber 


22.7 


0.010 


-1.7 


0.010 


Compare 6 


B 


Manila Paper 


22.9 


0.011 


-2.2 


0.012 



(Tarie 



2-2) clearly show, the electrolytic 
liasexcellent high temperature life 

dielectric loss coefficient (tan <5 ) of 125 fl C, 



and a low dielectric loss coefficient (tan <5 ), compared with the electrolytic 

capacitor of the comparative example. Furthermore, (Table 2-3) and 
(Tfcble 2-4) clearly show the excellent life characteristics and initial 
characteristics of the rated voltage 100V, to implement the 100V class 
electrolytic capacitor having tic low impedance characteristic not found in 
the conventional ones. 

Subsequently, the moisture resistance characteristics of the 
electrolytic capacitors of the third embodiment and the fourth comparative 
example are evaluated. The (est conditions are 85 C C, 85%RH, at 4,000 
hours in the unloaded state. The results are shown in (Table 2-5). 
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(2)016 
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(Table 2-5) 



Embody 3 



Embody 4 



Electrol 
yte 



Separator 



Glass fiber 



Cap 
I (AtF) 



Manila Paper 



As (Table 2-5) clearly 
present invention have the 
electrostatic capacity and the 
resistance characteristic of 
invention has improved . 

As for first second 
electrode foil subjected to 
and the cathode electrode foil, 
improved further. The higb 
by adding phosphorous com] 
in case of using, asthe 
butyl rubber tjial added peroxib 
polymer comprised of isobuly 
Namely, the present 
preventing liquid leakage. 



shows, the electrolytic capacitor of the 
excellent characteristics in the change in 

c lelectric loss coefficient. The moisture 
the ielectrolytic capacitor of the present 



Accord^g to the 
containing JJsfe aluminum 
H iiolude a separator composed jbf 
paper containing glass fiber, 
low impedance characteristic^ 
excellent high temperature 
characteristic i s - suppli ed 



Initial 
Characteristic 



403 



402 



Tan 6 



0.022 



0,028 



85°C/85%RH/ 
1^000 hrs 



A cap 



-2.1 



-2.4 



Tan 6 



0.024 



0.030 



thirji electrolytic capacitors, in case of using an 
phosphate treatment as the anode electrode foil 
the high temperature life characteristic 
temperature life characteristic also improves 
ipound to the electrolyte solution. Moreover, 
sealing; member, a partial cross-linking peroxide 
e as cross-linking agent to a butyl rubber 
ene, isoprene, and divinylbenzene copolymer, 
invention achieves an extremely remarkable effect of 



presetot invention, Jkfc electrolyte solution 
tetraQuoride r " llf l& "~~ A 1 **° 



salt is used^ 1 As- scparator in use 
heat resistant synthetic resin or ^maed 
|Thus y the electrolytic capacitor havmg the 
lad the high voltage characteristic aaad the 
characteristic and the moisture resistance 



